Initial research has been conducted on the feasibility of developing soil-based controlled lowstrength material (CLSM) mixtures that could be used to backfill large excavations at construction sites. Often the excavated material at a construction site contains soils that are not suitable for use as compacted backfill. This paper discusses the feasibility of the use of soil-based CLSM to lower cost and to use the materials normally disposed into a spoil pile. By incorporating such materials into a CLSM mixture, the land area needed for spoil-pile disposal may be reduced, therefore reducing real estate costs and providing good land-stewardship practices.
Introduction
The U. S. Army Corps of Engineers (CE) is investigating innovative construction techniques for future Civil Works construction. One of these investigations concerns the use of controlled lowstrength materials (CLSM) as a backfill material. CLSM is defined as "...materials that result in a compressive strength of 1200 psi (8.3 Mpa) or less 2 . " CLSM is described in ACT 229R 3 as selfcompacting, cementitious material used primarily as a backfill in lieu of compacted fill. Unlike compacted backfill, CLSM mixtures do not require compaction after placement. This allows for a more economical approach to backfilling in that the equipment and labor required to place and compact conventional fill are eliminated.
Previous Research on Soil-Based Controlled Low-Strength Material
Adaska in 1997 4 reported that the use of soil-based CLSM goes back to work reported by the U.S. Bureau of Reclamation in 1964 . Amster (1995 described this material as "soil-cement slurry." It was used for pipe bedding on 515 km (320 miles) of the Canadian River Aqueduct Project, which runs from north of Amarillo to south of Lubbock, Texas. Following the successful evaluation of some test sections, the soil-cement slurry was used which incorporated "local blow sand" (sic) deposits 5 .
CLSM is delivered to the job site in truck mixers. CLSM mixtures normally do not use soil as a constituent material. However, the use of the excavated soil is mentioned in ACI229R 3 Chapter 3. of this report, "Materials," the use of granular excavation materials are listed as potential sources of CLSM materials 3 .
CLSM has evolved into a deliverable product by ready-mix concrete producers, with the materials used to produce it being ones readily available to the producer. These materials are usually some combination of portland cement, fly ash, fine aggregate, and water. The producer is able to maintain a quality-controlled mixture with known properties by using constituent materials normally used to produce mortor. Soils can have variable properties that these producers do not want to contend with unless more assurance can be given of a technically usable and marketable product. The use of excavated materials is not widespread because of the logistics of getting the soil into the truck mixer at the job site. Many ready-mix concrete companies also do not have extra storage bins and other ancillary equipment needed to incorporate soil into the mixture at the batch plant. However, we believe the incorporation of soil into a CLSM has its place and is a viable option in many cases.
On large CE projects, a concrete batching and mixing plant is usually set up onsite for the production of concrete for the project. In this situation, the use of the excavated soil is possible since the soil would be readily available in the same area as the concrete batching and mixing equipment.
Significance of Research
This project is significant because there is very little information on the feasibility and use of a soil-based CLSM. Previous work in this area focused on the use of sandy soils. Not enough is known about the use of a soil-based controlled low-strength material which incorporates silty and clayey soils. The research was intended to determine the feasibility of soil-based CLSM and if a satisfactory strength could be obtained with some combination of Class F and C fly ashes, portland cement, a CL or ML-classified soil, a SP-classified sand-size material, and water.
Materials Used to Produce a Soil-Based Controlled Low-Strength Material
The materials used to produce the soil-based CLSM contained some combination of the following:
The ASTM Class C fly ash was obtained from the Pleasant Prairie Power Plant, located near Kenosha, Wisconsin which is owned by the Wisconsin Electric Power Company. This plant burns lignite from the Powder River Basin in Wyoming. Chemical and physical analysis results are given in Tables 1 and 2 . The ASTM Class F fly ash was obtained from the John E. Amos Power Plant located near St. Albans, West Virginia. The John E. Amos Power Plant produces Class F fly ash from the burning of bituminous coal. Chemical and physical analysis results are given in Table 3 and Table 4 .
The portland cement was manufactured by the Blue Circle Cement Company, Calera, AL. Chemical and physical analysis results on the cement are given in Table 5 and Table 6 .
Soil was obtained from a local source in Mississippi and was classified as a clayey silt, ML using the USCS, with 99.9% of the soil passing the 75 :m (No. 200) sieve. The liquid limit of this soil was 33, the plastic limit was 26, and the plasticity index was seven (7). The SP sand-size material was obtained from a sand and gravel pit in Mississippi. This material was non-plastic and had a specific gravity of 2.70.
Mixture Proportions
The baseline mixture, (6), * was a combination of portland cement, Class F fly ash, and water. The amount of portland cement was decreased with Mixture 7 and increased with Mixture * Mixtures 1-5 were preliminary trial batches, data on which are not reported here.
8. Class C fly ash was substituted for the portland cement in amounts of 10-, 20-, 40-, 60-, and 80-% replacement for Mixtures 9 through 13. The next class of mixtures replaced ASTM Class F fly ash with varying amounts of the ML-classified soil (Mixtures 14 through 18), sand (Mixtures 19 through 25), and a combined ML-soil and sand (Mixtures 26 through 30). The amounts of replacement of each of these three classes was 10-, 20-, 40-, 60-, and 80-% of the ASTM Class F fly ash. Water content was held constant for Mixtures 6 through 13. It was found necessary to vary water contents for Mixtures 14 through 30 to maintain a flowable consistency equal to or greater than the baseline mixtures while at the same time minimizing segregation of the solid particles. Mixtures 14 through 18 water content increased as the soil content increased. Water contents decreased as the sand contents increased in Mixtures 19 through 25. Except for Mixture 27, the water contents decreased for the soil/sand combination mixtures. All of these CLSM mixtures were mixed in a laboratory mixer. The mixture proportion matrix developed for this work is given in Table 7 . 
Tests of Unhardened Materials
After mixing, the unhardened CLSM mixtures were sampled and tested in accordance with applicable ASTM Standards as follows: D5971 8 , D6103 6 , l6023 7 , and C1064 9 . Cylinders were cast for compressive strength testing at 7, 28, 91, and 182 days age. Results are given in Table 8 .
These fresh property measurements are given in Table 8 . 
Summary and Conclusions
This research investigated the feasibility of developing of soil-based CLSM that could be used to take the place of conventional compacted soil backfill. It was concluded that it is possible to produce CLSM mixtures with a flowable consistency. These mixtures hardened, and achieved an unconfined compressive strengths of 100 psi at 28 days age. Thus the material should be readily excavated as might be required.
A soil-based CLSM could be used to fill large voids at a construction site by using the previously excavated material. This, in turn, will decrease the need to create spoil piles and recycle these materials. A flowable soil-based CLSM mixture will help decrease cost of materials, decrease additional land purchases for spoil piles, and decrease the labor and equipment cost usually associated with compacting conventional backfill. 
